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Risk factors for cholelithiasis were investigated in a case-control study conducted in northern Italy on 195 incident
cases of gallstone disease requiring surgery (119 females, 76 males) and 1122 controls in hospital for acute, non-
digestive tract, non-neoplastic conditions. There was no consistent association with socio-demographic indicators,
such as marital status, education and social class nor with smoking and coffee consumption. The relative risk of chol-
elithiasis decreased with increasing alcohol consumption: compared with non-drinkers, the odds ratio (OR) was0.8 for
one to three drinks per day and 0.5 for over three. A direct association was observed with measures of body weight:
relative to leaner individuals, the multivariate ORs were 1.2, 2.1 and 2.4 for subsequent levels of body mass. These
trends in risk were statistically significant, consistent in the two sexes, and not apparently modified by adjustment for
major identified potential confounding factors. History of hepatitis and liver cirrhosis were reported more frequently
by cases, but it is difficult to assess the role of recall bias on these risk factors. No association was found with diabetes,
thyroid disease and several digestive tract disorders. For females, no consistent pattern of risk was observed up to four
births, but women with five or more births had an OR of 2.9 (95% confidence interval (Cl) - 1.1-7.3). The risk decreased
with increasing age at first and last birth, both trends being statistically significant. Overweight and alcohol consump-
tion were the most important risk and protective factors respectively for cholelithiasis requiring surgical intervention
in this population.
Cholelithiasis is one of the most frequent causes of
morbidity and surgery in industrialized countries. The
reported frequency of the disease and the composition
of the stones varies in different countries. In Okinawa,
Japan, the overall prevalence was 3.2%,' while the
prevalence plus ten-year cumulative incidence in the
Framingham study was 8.2% } Prevalence of over 10%
were found in other countries or in selected ethnic
groups, such as Pima Indians.3"9 Some of these differ-
ences may be accounted for by different methods and
accuracy of case ascertainment or by varying definition
(i.e. clinical or surgical series as opposed to ultrasound
or autopsy-based studies), but it is unlikely that this
can explain all of the variation which is observed
between different populations.5"16
Knowledge of the causes of gallstone disease is poor.
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The clinical observation that the typical patient with
gallstones is 'fat, fertile, female and forty' has found
only partial support in formal epidemiological studies.
While, in fact, in all populations higher rates were
observed in females, the incidence of the disease
appears to increase steadily with age, rather than level-
ling off in younger middle age, both in low (Japan)'
and high (USA)2 incidence areas. Whereas obesity is a
well established risk factor in all reported investiga-
tions,217"22 the relation with parity is neither strong nor
consistent in various studies.2tl7-22-23
Likewise, no consistent association has been
observed with serum cholesterol or various lipopro-
teins, diabetes and hyperinsulinaemia,2*17'2'' and there
are uncertainties regarding the relation with oral con-
traceptives17-25 and exogenous oestrogens.2*-27 Alcohol
seems to reduce the risk of gallstone disease,218'21'22 but
no consistent association has been found with tobacco,
coffee and other components of the diet2'17'20 except,
possibly, total energy intake.21
To further clarify the risk factors for gallstone
disease requiring surgery, a formal epidemiological
study has been conducted within the framework of a
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hospital-based case-control surveillance of the greater
Milan area in northern Italy. In a European context,
this is a high prevalence28-29 and mortality30 area.
SUBJECTS AND METHODS
The data were derived from an ongoing series of case-
control studies of several digestive tract disorders,
based on a network of teaching and general hospitals
from the greater Milan area.31 Recruitment of cases of
gallstone disease started in June 1987, and the present
report is based on data collected up to June 1989.
The general design of this study has been described
previously.31 Trained interviewers identified and ques-
tioned patients admitted to university and general hos-
pitals in the area under surveillance for gallstone
disease requiring surgery and for a wide spectrum of
other conditions. All interviews were conducted in
hospital. On average, less than 3% of eligible subjects
(both cases and controls) refused to be interviewed.
Cases
The cases studied were subjects below the age of 75
with a discharge diagnosis of 'cholelithiasis' or 'chol-
ecystitis', whose original diagnosis did not date back
more than one year before admission ('incident
cases'), and who had undergone cholecystectomy
during the monitored admission. They were admitted
to several University departments (chiefly of surgery)
and to the Ospedale Maggiore, which includes the four
largest teaching and general hospitals in Milan. Alto-
gether 195 patients (76 males, 119 females) were inter-
viewed. The age range was between 23 and 74 years
and the median age was 55 years.
Controls
Patients admitted for a wide spectrum of acute condi-
tions to the same network of hospitals were eligible as
controls. None of these patients had digestive tract dis-
orders, malignant tumours, or any conditions related
to alcohol and tobacco intake or which might have
resulted in long-term modification of diet. Further,
none of the controls had history of gallbladder disease.
A total of 1122 controls (685 males, 437 females) were
considered in the present analysis. Of these, 39% were
admitted for traumatic conditions (mostly fractures
and sprains), 20% had non-traumatic orthopaedic dis-
orders (mostly low-back pain and disc disorders), 22%
were admitted for acute surgical conditions (including
plastic surgery), and 19% had other illnesses, such as
ear, nose and throat, skin or dental disorders. The age
range of the comparison group was 21 to 74 years,
median age 58 years. The distribution of cases and con-
trols according to age and sex is given in Table 1.
The catchment area of cases and controls was
comparable: overall, 92% of the cases and 86% of the
controls were resident in the same region, Lombardy.
A large proportion came from the highly industrialized
area of greater Milan, which includes about 50% of the
population of the whole region.
A structured questionnaire was used to obtain infor-
mation on socio-demographic factors and general
characteristics and habits, including smoking, alcohol,
coffee and other methylxanthine-containing beverage
consumption, frequency of consumption per week of
29 selected indicator foods, related personal and
family medical history, history of use of selected drugs,
and (for females only) reproductive and contraceptive
history.
Data Analysis and Control of Confounding
Relative risks were approximated by the odds ratio
(OR) of gallstone disease, together with their 95%
confidence intervals (CI) and were first derived from
data stratified for sex and age in decades by the usual
Mantel-Haenzel procedure.32 For multiple levels of
exposure, significance was assessed by Mantel's exten-
sion test.33 Secondly, to account simultaneously for
several potential confounders, multiple logistic regres-
sion was used, with maximum likelihood fitting.34"35 All
the regression equations included terms for age, sex,
area of residence, smoking, coffee and alcohol con-
sumption, history of liver disease and body mass index
(plus, whenever indicated, for reproductive variables).
TABLE 1 Distribution of 195 cases of cholelithiasis and 1122 controls
according to sex, age group and selected socio-demographic factors.
Milan, Italy 1987-1989
Males
Cholelithiasis Controls
Age (years)
<45
45-54
55-64
65-74
Marital status
Never married
Married
Education (years)*
<7
7-11
*12
Social classt
I or II
III
IVorV
Undefined
18
19
26
13
6
70
29
23
24
10
41
22
3
137
193
204
151
69
616
335
191
158
55
229
333
68
Females
Cholelithiasis
35
20
44
20
10
109
63
34
19
7
43
59
10
Controls
64
101
143
129
52
385
236
118
83
44
143
177
73
*ln some cases, the sum of strata does not add up to the total because
of missing values.
tBased on the head of the household's occupation.
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Dose gradients in the logistic models were based on
chi-square values for trend, computed as the difference
between the deviance of the models without and with
the variable of interest.
RESULTS
Table 1 gives the distribution of cases of cholelithiasis
and the comparison group according to sex, age, mar-
ital status and socioeconomic indicators. Cases were
slightly younger, but there was no difference in relation
to marital status. Some inconsistency in socioeconomic
indicators was noted since male cases tended to be
more educated and of higher social class, while the
reverse was observed for females.
For sociodemographic indicators (Table 2) no con-
sistent association was observed between gallstone
disease and smoking or coffee consumption: the rela-
tive risk was 1.1 for both ex-smokers and current
smokers (and no relation was observed with quantity
smoked as well, data not shown), and the risk esti-
mates were around unity for all subsequent levels of
coffee consumption.
In relation to alcohol consumption (Table 3), a sig-
nificant inverse relationship emerged with the risk of
cholelithiasis: compared with non-drinkers, the sex-
and age-adjusted risk estimates were 0.8 for one to
three drinks per day, and 0.5 for over three, and the
trend in risk with dose was highly significant. This
inverse association was consistent in the two sexes and
virtually unmodified after allowing for a number of
covariates through multiple logistic regression.
Gallstone disease was directly and significantly
related to overweight (Table 4). Compared with leaner
subjects, (whose body mass index, expressed in kg m"2
was below 20), the relative risks were 1.1,1.4 and 1.7
for subsequent levels of body mass. This association,
again, was of similar magnitude in males and females
and persisted after allowing for major identified cova-
riates. Indeed, the multivariate risks were higher than
the univariate ones (1.1, 2.1, and 2.4 for subsequent
levels respectively).
Table 5 considers history of hepatitis and selected
liver diseases. Of the cases 8% as opposed to 3.6% of
the controls reported a history of hepatitis, giving a
relative risk of 2.6 (95% CI = 1.5-4.2). Liver cirrhosis
was only reported by three cases and five controls
(relative risk 4.7) of borderline statistical significance.
No significant difference emerged for diabetes (4.4%
of the cases versus 4.1% of the controls), thyroid
disease, gastro-duodenal ulcer or any other gastro-
intestinal disease, except appendicectomy (47% of
cases versus 35% of the controls, OR = 1.4, 95%
CI= 1.0-2.0).
Reproductive variables (for females only) are con-
sidered in Table 6. In relation to parity, no consistent
pattern of risk was observed up to four births, with
relative risks of 1.0, 1.5 and 0.7 for women with one,
two and three or four births compared to nulliparous
ones. Only women with five or more births had a sig-
nificantly elevated OR of 3.1 (95% CI = 1.3-7.3). The
risk decreased with increasing age at first and last birth:
TABLE 2 Distribution of 195 cases of cholelithiasis and 1122 controls according to smoking habits and coffee consumption. Milan, Italy, 1987-89
Relative Risk Estimates (95% CI)
Cholelithiasis Controls M-H* MLR*
Smoking habits
Never smokers
Ex smokers
Current smokers
Coffee consumption (cups per day)
0
1
2
3
* 4
xVtrend)
97
31
67
28
46
48
38
35
490
424
208
173
244
317
205
183
It
1.1
(0.7-1.9)
1.1
(0.8-1.6)
It
1.1
(0.7-1.8)
0.9
(0.5-1.5)
1.1
(0.6-1.9)
1.3
(0.7-2.3)
0.18
(n.s)
It
1.4
(0.8-2.3)
1.1
(0.8-1.7)
It
1.1
(0.7-1.9)
0.9
(0.5-1.5)
1.0
(0.6-1.7)
0.9
(0.5-1.6)
0.40
(n.s.)
•Mantel-Haenzel estimates adjusted for age and sex.
** Estimates from multiple logistic regression equations including terms for age, sex, area of residence, smoking, coffee and alcohol consumption,
history of liver disease and body mass index.
tReference category.
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TABLE 3 Distribution of 195 cases of cholelithiasis and 1122 controls according to alcohol consumption. Milan, Italy, 1987-89
Relative Risk Estimates (95% CI)
Total alcohol beverage consumption
(drinks per day)
0
1-3
>3
^(trend)
Cholelithiasis
75
90
30
Controls
286
464
372
M-H*
It
0.8
(0.6-1.2)
0.5
(0.3-0.9)
11.08
(p<0.001)
MLR*
It
0.8
(0.6-1.3)
0.5
(0.3-0.8)
7.04
(p = 0.008)
•Mantel-Haenzel estimates adjusted for age and sex.
** Estimates from multiple logistic regression equations including terms for age, sex, area of residence, smoking, coffee and alcohol consumption,
history of liver disease and body mass index.
tReference category.
compared with women who first gave birth at age 25 or
less, the OR was 0.7 for 25 to 29, and 0.5 for 30 or over.
In relation to age at last birth, compared with 30 or
less, the point estimates were 0.7 and 0.6 for 30 to 34
and 35 or over respectively. Both univariate trends in
risk were significant, and the associations with repro-
ductive variables were not materially affected by
adjustment for other covariates. When both parity and
age at first or last birth were included in the same logis-
tic model, the effects of various factors appeared inde-
pendent, since the risk estimates were consistently
above unity for women with five or more births and
below unity for late age at first or last birth.
DISCUSSION
This case-control study of cholelithiasis requiring sur-
gery provided further information regarding some
important environmental determinants of the disease,
in particular confirming that the occurrence of gall-
stones is related to overweight and gross multiparity
(five or more births, although there was no association
up to four births).17"20'23 Further, it provided quantita-
tive information on the protection given by moderate
alcohol consumption in a population characterized by
frequent intake of alcoholic beverages.36 Of interest,
moreover, were the positive associations with history
of hepatitis (and liver cirrhosis), although numbers
were small and the possibility of differential recall by
cases and controls could be substantial. The lack of, or
inconsistent, associations with measures of social class,
smoking and coffee should be noted as well.
Some of these findings were already known, particu-
larly the relationship between cholelithiasis and obes-
ity, and this study simply offers further quantitative
information. More important, in our view, is the con-
tribution made towards defining the protective effect
of alcohol intake, previously suggested by the Fra-
mingham cohort study,2 the American Nurses' Health
TABLE 4 Distribution of 195 cases of cholelithiasis and 1122 controls according to body mass index. Milan, Italy, 1987-89
Body mass index (kg/m2)
<20
20-24
25-29
*30
Unknown
^(trend)
Cholelithiasis
19
82
71
23
_
Controls
104
553
370
90
5
Relative Risk Estiirti
M-H'
It
1.1
(0.6-1.9)
1.4
(0.8-2.5)
1.7
(0.9-3.4)
6.29
(p = 0.01)
ites (95% CI)
MLR"
It
1.2
(0.7-2.2)
2.1
(1.1-3.8)
2.4
(1.1-4.9)
11.20
(p<0.001)
•Mantel-Haenzel estimates adjusted for age and sex.
••Estimates from multiple logistic regression equations including terms for age, sex, area of residence, smoking, coffee and alcohol consumption,
history of liver disease and body mass index.
tReference category.
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TABLE 5 Distribution of 195 cases of cholelithiasis and 1122 controls
according to history of liver disease. Milan, Italy, 1987-89
Hepatitis
No
Yes
Qrrhosis
No
Yes
Cholelithiasis
179
16
192
3
Controls
1082
40
1117
5
Relative Risk Estimates (95% Cl)
M-H*
It
2.6
(1.5-4.7)
It
4.7
(1.3-16.7)
MLR"
It
2.7
(1.4-5.1)
It
3.7
(0.8-16.8)
•Mantel-Haenzel estimates adjusted for age and sex.
•'Estimates from multiple logistic regression equations including
terms for age, sex, area of residence, smoking, coffee and alcohol
consumption, history of liver disease and body mass index.
tReference category.
study,21 case-control studies for Australia20 and on His-
panic Americans,22 as well as by a preliminary report of
this same study.37 Further, this study helped clarify
other issues, such as those related to reproductive
factors.
The small association with parity, restricted to
women with five or more births, and the inverse
relation with age at first or last birth, are consistent
with the results of a case-control study conducted in
Australia.23 In the Oxford Family Planning Cohort
Study (restricted to women below the age of 50, and
chiefly in their thirties and forties) a stronger associ-
ation with parity was observed, and the relation with
age at first birth was direct rather than inverse.17 It is
probable that most of these apparent discrepancies are
due to the different age distribution in the various stud-
ies. Although some role of chance or bias cannot be
ruled out, it is possible that pregnancy, or oral contra-
ceptive usage22^ have a chiefly short-term impact on
the risk of gallbladder diseases. Along these lines, an
excess of multiparous women in the younger age
groups only was also observed in a study on Pima
Indians.4
TABLE6 Distribution of 119 female cases of cholelithiasis and 437 controls according to reproductive history. Milan, Italy, 1987-89
Number of births
0
1
2
3-4
*5
^.(trend)
Age at first birth (years)
<25
25-29
S=30
xVtrend)
Age at last birth (years)
<30
30-34
S=35
X^trend)
Cholelithiasis
21
27
47
11
13
55
33
10
57
26
15
Controls
92
113
136
72
24
154
121
70
149
113
83
M-H*
It
1.1
(0.6-2.1)
1.7
(0.9-3.2)
0.8
(0.3-1.8)
3.1
(1.3-7.3)
3.05
(p - 0.08)
It
0.7
(0.4-1.2)
0.5
(0.2-0.9)
5.87
(p - 0.02)
It
0.7
(0.4-1.2)
0.6
(0.3-1.1)
3.87
(p = 0.05)
Relative Risk Estimates (95% CI)
M L R "
It
1.0
(0.5-2.1)
1.8
(0.9-3.4)
0.7
(0.3-1.7)
2.9
(1.1-7.3)
2.14
(p = 0.14)
It
0.7
(0.4-1.2)
0.5
(0.2-1.0)
4.32
(p - 0.04)
It
0.7
(0.4-1.2)
0.6
(0.3-1.1)
3.26
(p-0.07)
MLR§
-
It
1.6
(0.9-2.9)
0.6
(0.2-1.3)
2.3
(0.9-5.7)
0.23
(n.s.)
It
0.8
(0.4-1.4)
0.5
(0.2-1.1)
3.27
(p-0 .07)
It
0.5
(0.3-1.0)
0.3
(0.1-0.7)
8.42
(p = 0.004)
*Mantel-Haenzel estimates adjusted for age and sex.
"Estimates from multiple logistic regression equations including terms for age, sex, area of residence, smoking, coffee and alcohol consumption,
history of liver disease and body mass index.
{Estimates from multiple logistic regression equations including terms for the above listed non-reproductive variable!, plus parity and age at first or
last birth (excluding nulliparae).
tReference category.
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Case ascertainment was restricted to subjects requir-
ing hospital admission and surgery for gallstones. This
might be viewed as a restrictive and limited criterion
for selection of the whole population with gallbladder
disease, since a large proportion of subjects with no or
mild symptoms can be detected only through ultra-
sound or other types of screening and a proportion of
symptomatic patients is treated with non-surgical ther-
apies. In particular, the indications for surgery are
extremely varied from country to country and from
surgeon to surgeon and this is reflected in gross differ-
ences in cholecystectomy rates in various areas.38"42
Thus, the risk estimates derived from this study could
strictly only be applied to the present population, and
quantitative differences in these estimates are possible
using different definition and selection criteria
(although qualitative differences in the direction of the
associations are unlikely). Furthermore, our study
population of gallbladder disease requiring surgery
constitutes a natural selection from a public health
(and clinical) viewpoint, and, in this sense, the inferen-
ces drawn are directly applicable to the clinically most
relevant fraction of the disease.
Other strengths and limitations of this study are
common to most hospital-based case-control studies.32
The possible impact of selection bias is reduced by the
practically total participation rate and the comparable
catchment areas of cases and controls. Information
bias has almost certainly influenced variables like
history of liver disease, but it is unlikely to have
materially affected other factors, like body weight,
reproductive history and also reported alcohol intake,
since moderate alcoholic beverage consumption,
particularly during meals, is socially accepted in Italy
for both males and females.36 In relation to confound-
ing, most of the associations observed remained vir-
tually unchanged after allowing for a number of
identified potential distorting factors.
In biological terms, an explanation for the absence
of an association with coffee and the inverse associ-
ation with alchohol would probably be sought in the
complex effects of these beverages on lipoprotein
serum levels and composition. Alcohol reduces bile
cholesterol secretion and increases HDL-cholesterol,43
which is probably the basis of the possible protection of
moderate alcohol consumption on the risk of ischaemic
heart disease.44"4* Coffee consumption reduces bile
acid and neutral sterol secretion,47 but this does not
appear to have an important impact on the risk of
cholelithiasis.
In public health terms, the major preventive impli-
cation of this study lies in confirmation of the role of
overweight and obesity, since modification of this risk
factor is, at least in principle, possible and beneficial
not only for such a frequent disease as cholelithiasis,
but also for gallbladder cancer risk48 and a large spec-
trum of ~ther conditions.4'130
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